The purpose of this study is to determine the value of corrosion rate influenced by coastal environment and seawater to nickel as a collimator base material for the application of boron neutron capture therapy (BNCT). In this research, the authors used 99.9% pure nickel as the reference material. Corrosion testing was carried out to determine the rate of corrosion of nickel as a base material for BNCT. After the specimens were formed, the test specimens were then corroded for 12 weeks, with various conditions such as indoor, outdoor environment, static seawater, and moving seawater. The results of this study indicated that in corrosion testing with indoor condition, the corrosion rate values are 0.61-1.00 mpy. For outdoor condition, the corrosion rate is 0.89-1.34 mpy. Meanwhile, at static seawater conditions, the corrosion rate is 0.97-1.24 mpy. Lastly, for moving seawater condition, the corrosion rate is 1.64-1.91 mpy. The results showed that corrosion resistance was relatively the same for all nickel exposed to corrosion in the coastal environment. Therefore, in regards to corrosion resistance, using nickel as a collimator base material for BNCT applications is considered as safe.
INTRODUCTION *
Cancer is one of the most pressing problems in the world, with a substantial and increasing burden carried by middle and lower income countries [1] . Cancer remains a leading cause of death throughout the world. In the United States, 1,735,350 new cancer cases and 609,640 cancer-related deaths occurred in 2018 [2] .
The clinical results of conventional monochemotherapy on cancers are usually far from satisfactory due to several problems such as tumor heterogeneity and resistance to chemotherapy drugs [2] . In Indonesia, traditional medicine is used as a herbal medicine. Anti-cancer drugs with herbal extracts are highly recommended to improve clinical outcomes in cancer chemotherapy as an immunotherapy agent [3] . However, herbal medicine given is not necessarily effective between one patient and another, thereby reducing is effectiveness. Other means of cancer prevention and therapy can be done by means of Boron Neutron Capture Therapy (BNCT).
BNCT is a cancer therapy technique that uses the principle of physics in nuclear reactions when stable boron (boron-10) is irradiated using lowenergy (thermal) neutrons [4] . The source of neutrons can be obtained from various sources, such as radioisotopes, nuclear reactors, and accelerators [5] . The disadvantage of a radioisotope neutron source is that the neutron flux is low, causing cancer therapy to last more than an hour. This long-term therapy will cause fatigue in patients and require more boron [6] .
The use of reactors as a neutron source is limited by several factors, such as high safety requirements for reactor facilities, the presence of radioactive waste, high construction costs, and difficulties in obtaining permits [7] . To overcome this problem, neutron sources from accelerators are being developed. It employs a collimator to redirect the neutron beam into the taget boron, with the former is subject to corrosion. Therefore, one of the studies needed is corrosion research on collimator material, in this case nickel.
Corrosion is a physicochemical interaction between a metal and its environment which results in changes in the nature of metals and can cause significant functional damage to metals [8] . Based on this, the authors conducted a study of the influence of the coastal and seawater environment on the corrosion rate of nickel, by testing corrosion on the coastal and seawater environments. The authors chose this research because nickel is increasingly being used in various industrial fields, one of which is as a collimator-making material for BNCT applications.
THEORY

Boron Neutron Capture Therapy (BNCT)
Boron Neutron Capture Therapy (BNCT) is a cancer therapy method that uses interactions between thermal neutrons and boron-10 which produce boron-11, which decayed while simultaneously emit alpha, lithium, and gamma particles [9] .
First, boron-10 drug carriers are injected into the blood; then the cancer accumulates the drug through the blood transport system. After that, the cancer is illuminated by thermal or epithermal neutrons, where the neutrons is extracted from the fission of uranium-235 in nuclear reactors. Furthermore, boron-10 atoms in cancer capture neutrons to produce 1.47 MeV and 0.84 MeV alpha particles along with lithium-7, the former of which are used to kill cancer cells [10] .
Neutrons used in cancer therapy with the BNCT method are thermal and epithermal neutrons. Thermal neutrons can penetrate body tissue at a depth of 2-3 cm, making it suitable for use to treat skin cancer, while epithermal neutrons are able to penetrate body tissues at a depth of 8-10 cm, making them suitable for use in deeper cancer therapy [11] .
Nickel is considered as the best collimator wall material, since it can reduce neutron flux but can also slightly increase neutron energy. In fact, pure nickel is able to produce epithermal neutrons without intermediaries, although it is still considered better to use intermediaries [12] . BNCT collimator design drawings can be seen in Figure 1 . Sketch of the collimator measurement results can be seen in Figure 2 . 
Nickel
Nickel (Ni) is a hard, corrosion resistant silverish-white metal. Ni plays an important role in hard metal deposition processes in the form of metal alloys. For example, stainless steel contains 18% Ni and 8% Cr. Other example is nichrome, which contains 80% Ni and 20% Cr [13] .
Nickel, with atomic number 28, is a transition metal element with a mass number of 58,71. It is located in group VIII period 4. In general, the oxidation level of Ni is +2, while at the oxidation level +3 is only little known [14] . Table 2 . Density of Nickel and Alloys [15] .
Corrosion
Corrosion is the event of damage to a material or a decrease in the quality of material due to its reaction with its environment. The corrosion process is unavoidable, but efforts can be made to slow it. Muis conveyed that there were 4 components of corrosion, including: anode, cathode, electrolyte, and cross metal [16] .
Corrosion rate is the amount of material lost (oxidized) per unit of time. Corrosion rate can be calculated by the method of weight loss or weight gain loss (WGL). This test is in accordance with the standards (ASTM G31-72, 2004) and (ASTM G1-03, 2017).
Hadi, S., 2018 explained the formula for the corrosion rate, as seen in equation 1 [17] .
where, CPR : Corrosion rate (mpy) W: Lost weight (gram) Ρ : Specimen density (g/cm 3 ) K: Constants (Table 3) t : time of corrosion (hours) A: Area of specimen affected by corrosion (cm 2 ) Table 3 . Constant Values [15] with K = constant 3.45 x 106, W = missing mass (gram), D = density of test sample (g/cm 3 ), A = crosssectional area (cm 2 ), t = test time (hour) [18] . In terms of the accuracy of mils per year, it is preferable when the corrosion rate ranges from 1-200 mpy so that the corrosion data can be shown using small numbers, avoiding decimals. The designation of inches per year and inches per month will involve the decimal point [19] . 
Micro Structure
Micro structure is the smallest structure contained in a material which cannot be seen with the naked eye, but can be observed using micro structure observers including: upright light microscope, electron microscope, ion field microscope, field emission microscope, and X-ray microscope. The benefits of observing the microstructure are namely to study the relationship between the properties of the material with the structure and defects in the material and to estimate the properties of the material if the relationship is already known [21] .
METHODOLOGY
Formation of corrosion test and micro test specimens
Initial specimens obtained from PSTA-BATAN were square in shape with an average size of 26 x 25 x 14 mm before machining. Corrosion test and micro test specimens are made by milling lathe. 
Micro Structure Testing
Micro structure testing steps: 1. The nickel specimen, etching liquid, water, and upright microscope are prepared. 2. The surface of the specimen is soaked with special etching fluid for 5-20 seconds. 3. The specimen is dipped in distilled water until it is clean, removed from the water, then wiped using a cloth rag. 4. Specimens are viewed using a microscope at 100x magnification, then photos are taken using a cellphone or screenshots using a computer.
Corrosion Testing
Corrosion testing steps: 1. The nickel specimens, digital scales, and calipers are prepared. 2. Specimens are weighed and measured to determine the initial weight before corroding. 3. Specimens are placed in each variation by hanging. 4. The aquarium is prepared for testing variations of stationary water and moving water. 5. Room temperature, salinity, pH of water, angina velocity, humidity are measured using each tool. 6. Specimens of every variation are taken every 4 weeks until it the end of 12 weeks. 7. Corrosion products are cleaned using a special cleaning fluid for nickel corrosion for 1 -3 minutes. 8. The specimen is washed using soap, rinsed with clean water, and wiped dry. 9. The specimen is weighed; then the final result is obtained to be used as a weight loss formula.
Schematic of indoor and outdoor testing in a beach environment is shown by Figure 5 . Schematic testing of specimens in a State of static water and moving water is shown in Figure 6 . 
RESULTS AND DISCUSSION
Corrosion testing on Ni specimens is aimed to compare the rate of corrosion in specimens with variations in indoor, outdoor, seawater in a stationary state, and seawater in a moving state for 4 weeks, 8 weeks, and 12 weeks. Corrosion testing was conducted using nickel material with 99.9% purity in 12 specimens. This corrosion test used the method of weight loss or weight gain loss (WGL), where the specimens are corroded in the environment and the sea water of Ketawang Beach for the aforementioned periods. Corrosion data results are shown in Table 5 . Figure 8 shows a graph comparing the value of corrosion rate with various conditions of indoor, outdoor, static seawater, and moving seawater at 4 weeks, 8 weeks, and 12 weeks. The highest value occurs in moving water condition by 1.91 mpy and the lowest value is on the indoor condition by 0.61 mpy. There is a significant difference between the highest and lowest values of 1.31 mpy. From the graph analysis of the nickel corrosion rate presented, it can be concluded that the outdoor environment of the Ketawang Beach and moving seawater can affect the rate of corrosion. Corrosion rate values in the condition of the outdoor environment of the Ketawang Beach and moving seawater continue to increase. The highest value occurred in the condition of moving water by 1.91 mpy at week 12. Based on corrosion standards presented in Table 4 , the level of corrosion rate in nickel specimens for indoor condition is classified as outstanding because it only ranges from 0.61 mpy to 1 mpy. For outdoor condition, it is classified as excellent since the value ranges from 0.89 mpy to 1.34 mpy. Meanwhile, for static seawater condition, it is classified as excellent as the value ranges from 0.97 mpy to 1.24 mpy. Last, for moving seawater condition, it is also still classified as excellent because it ranges from 1.64 mpy to 1.91 mpy [20] .
Micro Structure Test Fig. 9 . Nickel surface microstructure corroded with indoor variations Figure 9 shows that the longer the specimens are exposed to corrosion in the indoor environment, the more holes are formed due to corrosion. At week 0, there was not yet pitting corrosion. At week 4, pitting corrosion pits started to appear. Then, at week 8 until week 12, there were very significant results in pitting corrosion with the appearance of many pitting corrosion pits. Figure 10 shows that at week 0 pitting corrosion has not formed yet, while at week 4 pitting corrosion began to form. Between week 8 to week 12 pitting corrosion is increasing with vertical and shallow shapes. Figure 11 shows that the longer the specimens are exposed to corrosion in the outdoor environment, the more holes are formed due to pitting corrosion. It is seen that from week 0 there is no pitting corrosion, in week 4 pitting corrosion begins to appear, and week 8 to week 12 show very significant corrosion with a large amount of corrosion well with increasingly bigger diameter. Corrosion wells are formed due to the breakdown of the protective layer on the surface of the metal by penetration of anions such as chloride. Figure 12 shows that at week 0 corrosion is not yet formed, and corrosion pitting started to appear at week 4. Between week 8 to week 12, corrosion pitting is getting more deeper with a deep conical shape. Fig. 13 . Nickel surface microstructure with variations in sea water at rest Figure 13 shows that the longer the specimens are exposed to corrosion in seawater in a stationary state, the more corrosion is formed due to pitting corrosion. As seen from week 0, corrosion has not appeared yet. At week 4, corrosion begins to occur-pitting with smaller dots compared to the latter stage between week 8 to week 12. Very significant corrosion are shown with many large dots on the later time range. In accordance to previous figures, Figure 14 shows that at week 0 corrosion is yet to appear, while at week 4 pitting corrosion is started to form. Between week 8 to week 12, the pitting corrosion is increasing with a widened and shallow shape. Figure 15 shows that the longer the specimen is exposed to corrosion in seawater in a moving state, the more corrosion is formed due to erosion corrosion. Week 0 shows no erosion corrosion, but at week 4 it is occurred with a widening form. Very significant corrosion appeared between week 8 to week 12, with wide and numerous shapes. Erosion is formed because of the breakdown of the protective layer on the metal surface in line with fluid flow velocity. Figure 16 shows that at week 0 erosion corrosion has not yet formed, at week 4 erosion corrosion has begun to appear, while between week 8 through week 12 the erosion corrosion is wider and deeper.
CONCLUSION
Based on the results of the research that has been done on the influence of the different environmental conditions such as indoor, outdoor, static seawater, and moving seawater at Ketawang Beach, the following conclusions can be drawn:
1. The longer the specimen is suspended in an indoor environment, the rate of corrosion decreases. Corrosion rate values are 1 mpy for the first four-weeks period, 0.84 mpy for the second four-weeks period, and 0.61 mpy for the third four-weeks period.
2. The longer the specimen is suspended in an outdoor environment, the rate of corrosion increases. Corrosion rate values are 0.89 mpy for the first four weeks, 1.11 mpy for the next four weeks, and 1.34 mpy for the last four weeks.` 3. The longer the test object is immersed in the seawater of Ketawang Beach in a static state, the rate of corrosion decreases. Corrosion rate values are 1.24 mpy during the first four weeks, 1.04 mpy during the second four weeks, and 0.97 mpy during the last four weeks. 4. The longer the specimen is immersed in the seawater of Ketawang Beach in a moving state, the corrosion rate increases. Corrosion rate values are 1.64 mpy for the first four-weeks period, 1.84 mpy for the second four-weeks period, and 1.91 mpy for the third four-weeks period.
